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@ Fiber-reinforced composite resin pultruslon products and method of manufacturing the same. 

(57) An axiaily-oriented fiber layer (12a) Is Impregnated with 
resin at (20) and overlaid on a mandrel (26), on a circular-sec- 
tional portion (26a) (see FIG. 9) thereof, and the axiaily-oriented 
layer is overwound by an overwinder (24) with a helical, fiber 
layer. Additional axiaily-oriented resin impregnated layers (12b 
and 12c) are added with the inter-position of a further helical 
fiber layer from overwinder (36). The uncured laminate is 
conducted on to a non-circular sectional portion (26b) (FIG. 9) 
of the mandrel and then drawn into a die (52) which gives the 
product its desired size and shape. The product is then cured. A 
draw-off unit 54 puils the product through the die and the 
product Is cut to desired lengths at (56). Carbon fibers may be 
used mixed with fluffed glass or aramid fiber to obtain Improved 
results. As well as rectangular cross-sectional products, L, H 
and I cross-sections and circular cross-sections are produced. 
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Description 

FIBER-REINFORCED COMPOSITE RESIN PULTRUSION PRODUCTS AND METHOD OF MANUFACTURING THE 

SAME 



Technical Field 5 

This invention relates to fiber-reinforced compo- 
site resin pultruslon products manufactured by 
impregnating fiber tows or rovings with a resin, 
drawing them into a die, and forming them into an 
article of predetermined size and shape, and then 10 
curing it, and relates also to a method for manufac- 
turing the same. 

The fiber-reinforced composite resin pultruslon 
products according to the present invention are 
embodied in the form of slender pipes or profiles is 
having various circular or nonclrcular cross-sec- 
tional contours. They are advantageously used as 
lightweight, high-strength, and corrosion-resistant 
materials capable of withstanding axial tensile and 
compressive forces and also exhibiting high lateral 20 
torsional strength. They have extensive applications, 
e.g., as pillars, columns, beams and other frame 
structure members and fluid pipelines in civil 
engineering and construction works, and as frame 
and machinery parts for the aircraft, space, auto mo- 25 
tive, shipbuilding, railway, and many other industries. 

Background Art 

Lightweight, high-strength pipes and profiles of 
circular or non-circular contours have hitherto been 30 
required in the diverse fields as mentioned above. 
For these applications fiber-reinforced composite 
resin pultrusion products in the form of pipes and 
profiles, especially of nonclrcular cross-sectional 
contours, are attracting increasing attention. 35 

Conventionally, the fiber-reinforced composite 
resin pultrusion products are made by pulling axially 
arranged rovings of resin-Impregnated reinforcing 
fibers through a die to a desired shape and then 
curing the shape. Such fiber-reinforced composite 40 
resin pultrusion products attain axial tensile and 
compressive strengths but are questionable in 
lateral strengths, e.g., in torsional and bending 
strengths. To clear up the question, the so-called 
overwinding method has been proposed which 45 
involves helically winding reinforcing fibers round a 
mandrel and subsequent forming of the fibers by a 
die into a desired shape and curing to a final 
pultrusion product. The products manufactured by 
overwinding exhibit increased lateral strengths but 50 
are yet to be improved in axial strengths. 

Heretofore, when a fiber-reinforced composite 
resin pultrusion product of a noncircular cross-sec- 
tional contour, such as a hollow square article, is to 
be obtained, it has been necessary first to form an 55 
article of a circular cross section by pultrusion and 
then work it to change the contour from a circle to a 
rectangle. The fabrication involves extreme difficul- 
ties, and the fiber density is lessened at corners than 
in the rest, leading to non-uniform fiber distribution 60 
in the matrix. These and other problems have 
rendered it difficult to obtain products of good 
qualities. Moreover, it has been Impossible to 



manufacture fiber-reinforced composite resin pul- 
trusion products of noncircular cross-sectional 
contours, e.g., of the letter H-, and l-shape by the 
overwinding method as described above. 

Japanese Patent Application Public Disclosure 
No. 62-90234 discloses fiber-reinforced composite 
resin products having circular and noncircular 
cross-sectional contours, each product comprising 
rovings arranged in a predetermined size and shape 
along the length of the product, normal cloths having 
warp and weft, bias cloths formed over the normal 
cloths at the portions on which shearing forces may 
be imposed, and a continuous strand mat covering 
the outer periphery of the product. 

Such fiber-reinforced composite resin products 
exhibit increased axial strengths and shearing 
strengths to bending but are questionable in lateral 
strengths because the reinforcing fibers which are 
wound at 90° and at a certain angle with respect to 
the longitudinal axis of the product, each are 
discontinuous. 

Further, the fiber -reinforced composite resin 
products require to cut the normal cloths, bias 
cloths and continuous strand mats in predetermined 
sizes and shapes prior to pultrusion. Furthermore, it 
is extremely difficult to arrange the web members in 
a given positional relationship along the rovings 
positioned in a predetermined shape and size, and 
to continuously draw the web members into a die to 
give the web laminate desired size and shape. 

The present inventors, with the view to overcom- 
ing these difficulties of the prior art have made 
extensive studies and experiments. It has now been 
found, as a result, that the combination of an 
axially-oriented fiber layer, formed of reinforcing 
fibers arranged axially, with a helical fiber layer, 
formed of reinforcing fibers wound helically with 
respect to the axis, imparts greater axial and lateral 
strengths to the product than does either layer 
alone. 

Further studies and experiments by the present 
inventors on the manufacture of such fiber-rein- 
forced composite resin pultrusion products by the 
overwinding technique, using carbon fiber in particu- 
lar as the reinforcing fiber, revealed another prob- 
lem. Especially in the process step of drawing an 
uncured carbon fiber-reinforced resin layer laminate 
consisting of axially-oriented and helical carbon 
fiber-reinforced resin layers into a die to give it 
desired size and shape, relative motion of the 
axially-oriented and helical carbon fiber-reinforced 
resin layers hampers the insertion of the helical 
carbon fibers at regular intervals. This was found to 
make it difficult to form a carbon fiber-reinforced 
resin layer laminate of a desired thickness and 
configuration. 

In order to solve this problem, the present 
inventors have concentrated their efforts on the 
research and experiment on the structure and 
manufacture of carbon fiber-reinforced composite 
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resin pultrusion products. It has now been found, as 
a result, that the above problem Is solved by allowing 
either the axlally-oriented carbon fiber-reinforced 
resin layer or the helical carbon fiber-reinforced 
resin layer or both to contain a given proportion of a 
fiber dissimilar to the carbon fiber, especially a 
dissimilar fiber In a fluffed state (In the form of 
woollike rovings of monofilaments In random orien- 
tation). It has also been found that the axial and 
lateral strengths of the pultrusion products thus 
obtained remain practically unchanged. This is 
presumably attributable to the fact that the Inclusion 
of a dissimilar fiber into a carbon fiber layer 
increases the frictionai resistance of the layer 
sufficiently to hinder the relative motion of the layer 
and the overlying or underlying layer, thus prevent- 
ing any Irregular motion of the uncured carbon 
fiber-reinforced resin layer laminate while it is being 
drawn Into the die. 

Summary of the Invention 

The present Invention provides an improved 
fiber-reinforced composite resin pultrusion product 
and a method of manufacturing the same. Briefly, the 
Invention resides in a fiber-reinforced composite 
resin pultrusion product characterized by an axialiy- 
oriented fiber layer composed of reinforcing fibers 
arranged axially and a helical fiber layer composed of 
reinforcing fibers helically wound round the axis. 
There may be axlally-oriented and helical fiber layers, 
in a plurality of layers each, In which case they are 
alternately formed one over another. Qfi sjrably, the 
^Jnnermc^tjayer of the product is an axlally-oriented 
fiber layer. 

-THe^fBer-reinforced composite resin pultrusion 
product of the Invention having a circular cross-sec- 
tional contour is manufactured by a method charac- 
terized by the steps of: (a) providing a slender 
mandrel of a circular cross-sectional contour; (b) 
forming a first fiber layer of a predetermined 
thickness by either arranging resin-impregnated 
fibers axially on or helically winding the fibers round 
the mandrel; (c) forming a second fiber layer by 
arranging resin-Impregnated fibers over the first 
fiber layer in a direction different from that of the first 
layer; (d) when necessary, repeating the steps (b) 
and (c) the number of times desired to form an 
uncured fiber-layer laminate consisting of axially- 
oriented and helical fiber layers, and drawing the 
laminate into a die to give it desired size and shape; 
and (e) thereafter curing the fiber-layer laminate. The 
fiber-reinforced composite resin pultrusion product 
of the invention having a non-circular cross-sec- 
tional contour is suitably manufactured by a method 
which comprises the steps of: (a) providing a 
slender mandrel having a circular cross-sectional 
portion of a predetermined length and a non-circular 
cross-sectional portion adjoining the circular portion 
and gradually changed Into a predetermined cross- 
sectional contour; (b) forming a first fiber layer of a 
predetermined thickness by either arranging resin- 
impreghated fibers axially on or helically winding the 
fibers round the circular cross-sectional portion of 
the mandrel; (c) forming a second fiber layer by 
arranging resin-impregnated fibers over the first 



fiber layer in a direction different from that of the first 
layer before curing the first layer; (d) when necess- 
ary, repeating the steps (b) and (c) the number of 
times desired to form an uncured fiber-layer lami- 

5 nate consisting of axlally-oriented and helical fiber 
layers, conducting the laminate into the non-circular 
cross-sectional portion of the mandrel, and drawing 
the same Into a die to give it desired size and shape; 
and (e) thereafter curing the fiber-layer laminate. 

10 Further, the reinforcing fiber constituting each 
fiber layer is carbon and/or glass and/or aramid fiber 
and the matrix resin to be impregnated Into the fiber 
is a thermosetting resin, such as an epoxy, unsatu- 
rate&pot^pstefrtH^hane acrylate, vinyl ester, phe- 

15 nol./or pblyurethanei or a thermoplastic resin, such 
as rfyion 6, nyjonjfi/nylon 12, PBT, PET, polycarbo- 
nate?^potyacetaT7 polyphenyiene sulfide, pofyether 
ether ketone, polyether sulfide, polyphenylene 
oxide, Noryl, polypropylene, or polyvinyl chloride. 

20 In particular, in the case where a carbon fiber is 
selected as the reinforcing fiber, either the axially- 
oriented fiber layer or the helical fiber layer or both 
desirably contain from 1 to 20% of a fiber dissimilar 
to the carbon fiber. Desirably, the dissimilar fiber is a 

25 fluffed one formed of glass fiber or aramid fiber in the 
form of rovings. 

Some ways of carrying out the present Invention In 
both its method and product aspects will now be 
described In detail by way of example with reference 

30 to drawings In which : 

FIGURES 1 to 7 are cross-sectional views of 
different embodiments of fiber-reinforced com- 
posite resin pultrusion product of the present 
invention; 

35 FIGURE 8 is a schematic view illustrating an 

apparatus for use in manufacturing a fiber-rein- 
forced composite resin pultrusion product by a 
method in accordance with the present inven- 
tion; 

40 FIGURE 9 is a diagrammatic perspective view 

of a mandrel and a die to be used In 
manufacturing the fiber-reinforced composite 
resin pultrusion product shown In FIGURES 1 
and 2; 

45 FIGURE 10 is a cross-sectional view of a 

fiber-reinforced composite resin pultrusion pro- 
duct of the invention manufactured by the 
apparatus shown In FIGURE 8; 
FIGURE 1 1 1s a perspective view of a mandrel 

50 and a die to be used in manufacturing the 

fiber-reinforced composite resin pultrusion pro- 
duct shown in FIGURE 3; and 

FIGURE 12 is a perspective view of a guide 
member fitted in the mandrel used in manufac- 

55 turing the fiber-relnfored composite resin pul- 

trusion product of FIGURE 3. 

Detailed Description of the Illustrated Embodiments 
FIGURES 1 to 7 illustrate fiber-reinforced compo- 

60 site resin pultrusion products of non-circular and 
circular cross-sectional contours embodying the 
present invention. According to the invention, 
fiber-reinforced composite resin pultrusion products 
In the form of hollow tubes having rectangular 

65 cross-sectional contours such as shown in 
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FIGURES 1 and 2 and other desired cross-sections 
are provided. Also, fiber-reinforced composite resin 
pultrusion products with desired cross-sectional 
contours, such as the letter L- t H-, and l-shaped 
profiles, as shown in FIGURES 3, 4 and 5, respec- 
tively, and, further, hollow tubular products with 
circular cross-sectlonaJ contours as indicated In 
FIGURES 6 and 7 are provided. 

Referring now to FIGURE 1, a fiber-reinforced 
composite resin pultrusion product of the present 
invention will be described. The pultrusion product 1 
manufactured in accordance with the invention 
comprises an axially-oriented fiber layer 2 formed by 
axially arranging reinforcing fibers and a helical fiber , 
layer 4 formed by helically winding reinforcing fibers 
at a predetermined angle to the axis. The inner layer 
of the product Is desired to be the axially-oriente d 
fiber layer 2, a lthough th e helical fiber layer 4 may bs 
' used insteacT Alternatively, the axially-oriented fiber 
layer 2 and the helical fiber layer 4 may be provided in 
a plurality of layers each, superposed by turns as 
indicated in FIGURE 2. In that case, the outermost 
layer may be either an axially-oriented fiber layer 2 as 
shown or a. helical fiber layer 4, but the intermost 
layer is desirably another axially-oriented fiber layer 
2. The use of an axially-oriented fiber layer 2 as the 
innermost layer permits smooth operation for the 
continuous manufacture of the product. 

The winding angle of the fibers in the helical fiber 
layer 4 with respect to the axis, and the fiber density, 
layer thickness, and other factors of the fiber layers 
2, 4 may be optionally chosen. For example, a 
winding angle In the range from 45° to 80° and fiber 
contents in the fiber layers 2, 4 from 50 to 60% by 
volume are appropriate. 

For the individual layers 2, 4, reinforcing fiber and 
matrix resin of desired types may be used. Usually 
suitable as the reinforcing fiber is carbon, glass, or 
aramid fiber. The matrix resin to be impregnated into 
the fiber is desirably a thermosetting resin, such as 
an epoxy, unsaturated polyester, urethane acrylate, 
vinyl ester, phenol, or polyurethane, or a thermoplas- 
tic resins, such as nylon 6, nylon 66, nylon 12, PBT, 
PET, polycarbonate, polyacetal, polyphenylene sul- 
fide, polyether ether ketone, polyether sulfide, 
polyphenylene oxide, Noryl, polypropylene, or polyvi- 
nyl chloride. 

Although the present invention has been de- 
scribed as embodied in flber-relnforced composite 
resin pultrusion products classified as hollow tubes 
of rectangular cross sections, the invention is not 
limited thereto. For example, as illustrated in 
FIGURES 3 to 5. profiles of the letter L-, H-, or 
l-shaped cross sections and other cross-sectional 
contours and, as in FIGURES 6 and 7, pipelike 
pultrusion products of circular cross-sectional con- 
tours can be manufactured as well. 

Next, the method of the Invention for the manufac- 
ture of fiber-reinforced composite resin pultrusion 
products will be explained. 

FIGURE 8 Illustrates a typical pultrusion apparatus 
10 for manufacturing a fiber-reinforced composite 
resin pultrusion product 1 of a noncircular cross- 
sectional contour as referred to above. In this 
embodiment, as FIGURE 10 specifically shows, a 



fiber-reinforced composite resin pultrusion pro- 
duct 1 of five-layer structure, consisting, from the 
innermost outward, of an axially-oriented fiber layer 
2, a helical fiber layer 4, an axlaliy-oriented fiber layer 

5 2, a helical fiber layer 4, and an axially-oriented fiber 
layer 2 is manufactured. 

In this pultrusion apparatus 10, there are a number 
of creels 14 on which the individual filaments or 
fibers of the . reinforcing fiber 12 selected from 

10 among, e.g., carbon, glass, and aramid fibers, are 
wound. Groups of such creels are rotatabiy held in 
creel stands 16 (16a, 16b). Here are shown three 
creel stands 16, and a bundle of reinforcing fibers 
12a from the first creel stand 16a Is led through a 

15 guide plate 18 into a resin impregnation tray 20, 
where it is impregnated with a matrix resin. The 
bundle of resin-impregnated reinforcing fibers 12a 
from which excess resin has been wiped out is fed 
through a guide plate 22 to an overwinder 24. The 

20 fibers are axially arranged and longitudinally at- 
tached to a mandrel 26 (forming an axially-oriented 
fiber layer 2 to constitute the innermost layer) . At the 
same time, reinforcing fibers 24b are paid out of a 
plurality of creels 24a mounted on the overwinder 24. 

25 They are wound on the longitudinally extended 
axially-oriented fiber layer 2 at a given angle, e.g., 
70°, to the. axis, thus forming a helical fiber layer 4. 
The reinforcing fibers from the creels 24a are not 
impregnated with the matrix resin. However, they are 

30 impregnated partly with excess matrix resin from the 
underlying axially-oriented fiber layer as they are 
wound on the mandrel and partly with the excess of 
resin from another axially-oriented fiber layer to 
overlie subsequently. 

35 Second and third creel stands 16b are located 
symmetrically on both sides of the creel stand 16a to 
function likewise. In FIGURE 8, only the function of 
the creel stand 16b at the front, closer to the reader, 
is depicted in detail, the illustration of the function of 

40 the stand 16b on the far side being incomplete. Part 
. 12c of a bundle of reinforcing fibers 12b from the 
front creel stand 16b is introduced through a guide 
plate 28 into a resin impregnation tray 30, where it is 
impregnated with the matrix resin, After the removal 

45 of excess resin, the bundle of resin-impregnated 
reinforcing fibers 12c is conducted through guide 
plates 32, 34 to an overwinder 36. The resin-impreg- 
nated reinforcing fibers 12c are axially fed to the 
mandrel 26 which extends through the centres of the 

50 overwinders 24, 36 and has already two reinforcing 
fiber layers, one axial and the other helical, formed 
thereon. They are longitudinally attached to the 
helical reinforcing fibers 24b (forming a second 
axially-oriented fiber layer 2). Simultaneously, rein- 

55 forcing fibers 36b are paid out of a plurality of creels 
36a mounted on the overwinder 36. They are wound 
on the longitudinally attached axially-oriented fiber 
layer 2 at a given angle, e.g., 70°, to the axis, thus 
forming a helical fiber layer 4. The overwinder 36 is 

60 rotated in the direction contrary to the overwinder 
. 24, and hence the winding direction of the helical 
fiber layer 4 formed by the overwinder 36 is reverse 
to that of the helical fiber layer 4 formed by the 
overwinder 24. The reinforcing fibers from the creels 

65 36a are not impregnated with the matrix resin. 
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However, they are impregnated partly with excess 
matrix resin from the underlying axiaily-oriented fiber 
layer as they are wound on the mandrel and partly 
with the excessive matrix resin from another axlally- 
oriented fiber layer to be longitudinally attached 
later. 

Over the helically wound reinforcing fibers. 36b, 
still another axlally-orlented fiber layer to constitute 
the outermost layer is formed by the remainder 12d 
of the reinforcing fibers 12b from the front creel 
stand 16b. The bundle of remaining fibers 12d Is led 
through guide plates 40, 42 into a resin impregnation 
tray 44, where it Is Impregnated with the matrix resin. 
The resin-impregnated reinforcing fibers 12d from 
which excess resin has been wiped out are guided 
through guide plates 46, 48 and arranged axially to 
form the outermost layer. 

In the manner described a fiber-layer laminate 50, 
composed of a desired number each of axiaily- 
oriented fiber layers 2 and helical fiber layers 4, is 
formed on the mandrel 26. 

For the reinforcing fibers 12a, 12b (12c, 12d) and 
24b, 36b, carbon, glass, or aramid fiber is used as 
stated earlier. The resin Impregnation trays 20, 30, 44 
hold a resin solution which is prepared from a 
suitable matrix resin selected from among thermo- 
setting resins, such as epoxy, unsaturated polyes- 
ter, urethane acrylate, vinyl ester, phenol, and 
polyurethane, and thermoplastic resins, such as 
nylon 6, nylon 66, nylon 12, PBT, PET, polycarbonate, 
polyacetal, polyphenylene sulfide, polyether ether 
ketone, polyether sulfide, polyphenylene oxide, 
Noryl, polypropylene, and polyvinyl chloride. Where 
necessary, the solution is prepared by the addition 
of a filler, such as CaCOa, mica, Al(OH)3, or talc, an 
additive for Improving the resistance to heat or 
weathering, colorant, etc. 

Thus, a fiber-reinforced resin layer laminate 50 of 
five layers, I.e., from the innermost outward, an 
axlally-orlented fiber layer 2, a helical fiber layer 4, an 
axial layer 2, a helical layer 4, and an axial layer 2, is 
formed on the mandrel 26. 

In the present Invention, as embodied here, the 
mandrei 26 used in manufacturing a fiber-reinforced 
composite resin pultruslon product 1 1n the form of a 
hollow tube of a rectangular cross-sectional contour 
comprises, as illustrated in FIGURE 9, a portion 26a 
of a cross-sectional contour and a portion 26b of a 
noncircular cross-sectional contour, the circular 
sectional portion 26a being gradually deformed into 
the noncircular portion 26b. In this case, the 
circumference of the circular portion 26a and that of 
the noncircular portion 26b are made equal. The 
. mandrel 26 is made circular In cross-sectional 
contour for the most part, from the circular end to 
the overwinders 24, 36 and farther to the point 
immediately before a die 52. The fiber-reinforced 
resin layer laminate 50 composed of axiaily-oriented 
fiber layers 2 and helical fiber layers 4 is formed on 
the circular portion 26a of the mandrel having the 
. circular cross-sectional contour. 

The fiber-reinforced resin layer 50 thus formed on 
the circular sectional mandrei portion 26a is then 
moved onto the noncircular portion, or the rectangu- 
lar portion 26b here, of the mandrel and drawn into 



the die 52 having a rectangular cross-sectional 
contour. Shaped by the die 52 to a. profile of 
predetermined dimensions, the fiber-reinforced 
resin layer 50 Is hardened (cured) at room tempera- 

5 ture or by heater means (not shown) to be a 
fiber-reinforced composite resin pultruslon product 
1 . A draw-off unit 54 and a cutter 56 are installed on 
the downstream side of the die 52 to draw off the 
fiber-reinforced composite resin pultruslon pro- 

10 duct 1 from the mandrel 26 and cut It Into 
predetermined lengths. The structures and func- 
tions of the draw-off unit 54 and cutter 56 are 
well-known to those skilled in the art, and their 
detailed description is omitted. 

15 Using the manufacturing method and the pultru- 
slon apparatus of the construction described above, 
a rectangular, carbon-fiber-relnforced hollow resin 
tube, 20 by 20 mm in cross section and 3.5 mm In 
overall wall thickness, with the Individual fiber layers 

20 having thicknesses, In the overlying order, of 0.5, 1 .0, 

0. 5, 1.0, and 0.5 mm, could be manufactured at the 
rate of 1 m/min. 

A carbon fiber 7 microns in filament diameter and 
having a strength of 340 kg/mm 2 was employed as 
25 the reinforcing fiber. Each resin impregnation tray 
contained a resin solution prepared from 100 wt*Vb of 
epoxy resin as the matrix resin and 10 wto/o of 
calcium carbonate as a filler, and the resolution was 
used for impregnating the carbon fiber. 

The pultruslon product 1 manufactured In the 
foregoing way exhibited strengths as given in Table 

1. Its superiority to conventional products will be 
understood. 
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Table 1 

Torsional test results 

Breaking 

stress 
(kgf/mm 2 ) 



Comparative 
Example 1 
" 2 

This Invention 



3.1 

4.0 
6.5 



Shear rigidity 
(kgf/mm z ) 

230 

410 
6.00 



Comparative Example 1: 

Used a regular prismatic mandrel of the same size 
and shape as the mandrel employed In the present 
invention, without overwinding. 

Comparative Example 2: 

Used a regular prismatic mandrel of the same size 
and shape as the mandrel employed in the present 
invention, with overwinding. 

FIGURE 11 illustrates an exemplary combination 
of a mandrel 26 and a die 52 to be used in 
manufacturing a fiber-reinforced composite resin 
pultruslon product 1 in accordance with the present 
Invention, in the form of a rod of letter L-shaped 
cross-section as, e.g. shown in FIGURE 3. The 
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mandrel 26 is so contoured that a circular portion 
26a having a circular cross-sectional contour is 
gradually deformed into a nonclrcular portion 26b of 
a noncircular cross-sectional contour. In this case, 
the circumference of the' circular portion 26a and 
that of the nonclrcular portion 26b are made equal., 
The mandrel 26 Is made circular in cross-sectional 
contour for the most part, from the circular end to 
the overwinders 24, 36 and farther to the point 
immediately before the die 52. The fiber-reinforced 
resin layer 50 composed of axially-oriented fiber 
layers 2 and helical fiber layers 4 Is formed on the 
circular portion 26a of the mandrel having the 
circular cross-sectional contour. The fiber-rein- 
forced resin layer 50 thus formed on the circular 
sectional mandrel portion 26a is then fed onto the 
non-circular portion, or the letter L-shaped portion 
26b here, of the mandrel and drawn into the die 52 
having a rectangular cross-sectional contour. The 
fiber-reinforced resin layer 50, as shown In FIGURE 
12, is pressed against the recess of the mandrel 26b 
by the use of a properly shaped guide member 60. It 
is thereby deformed Into a shape conforming to the 
cross-sectional profile of the mandrel portion 26b. 
The die 52 is formed with a desired letter L-shaped 
guide groove 52a. It receives the resin layer 50 from 
the mandrel 26b and gives it a desired shape. 

Thus, the mandrel 26 and the die 52 are contoured 
beforehand as desired so that a non-circular 
fiber-reinforced composite resin pultrusion pro- 
duct 1 of a desired cross-sectional contour, e.g., of 
not only the letter L, but also the letter H or I, or a 
rectangle or other profile, can be continously 
manufactured. 

Heretofore, when a fiber-reinforced composite 
resin pultrusion product of a non-circular cross-sec- 
tional contour, such as a hollow square article, is to 
be obtained, it has been necessary first to form an 
article of a circular cross-section by pultrusion and 
then work it to change the contour from a circle to a 
rectangle, as described above. The fabrication 
involves extreme difficulties, and the fiber density is 
lessened at corners than In the rest, leading to 
non-uniform fiber distribution In the matrix. These 
and other problems have rendered It difficult to 
obtain products of good qualities. Moreover, it has 
been impossible to manufacture fiber-reinforced 
composite resin pultrusion products of non-circular 
cross-sectional contours, e.g., of the letter H-, 
and l-shape by the overwinding method of the prior 
art. Using the method of the present invention, the 
products of non-circular contours attain as high 
strengths as do circular products, with the Individual 
fiber layers maintaining uniform thickness and 
evenness fiber distribution at the corners. 

For the manufacture of products of circular 
cross-sectional contours in conformity with the 
invention, mandrels of desired diameters are em- 
ployed in place of the mandrels used in the 
embodiments described above. Excepting this, the 
same apparatus and the same method can be used 
to manufacture the circular products. 

In another embodiment of the present Invention, 
when a carbon fiber is to be chosen as the 
reinforcing fiber, in particular, either the axially- 



oriented fiber layer, i.e., axially-oriented carbon 
fiber-reinforced resin layer or the helical fiber layer, 
i.e., helical carbon fiber-reinforced resin or both 
desirably contain a fiber dissimilar to the carbon 

5 fiber, e.g., a glass fiber or aramid fiber in the form of 
rovings, in an amount of from 1 to 20%, preferably 
from 4 to 10%, on the basis of the total fiber content 
in the particular layer or layers. If the dissimilar fiber 
content is less than 1% the beneficial effect is not 

10 remarkable whereas a content in excess of 20% 
presents a strength problem. 

Studies and experiments by the present inventors 
have revealed that the dissimilar fiber rovings are 
desired to be woollike ones of monofilaments in 

15 random orientation. For example, tests showed that 
the spun rovings of glass fiber manufactured by 
Pilkington Co. of England under the trade designa- 
tion "2400TEX", and the like, give good results. 
The dissimilar fiber may be contained in either the 

20 axially-oriented carbon fiber-reinforced resin layer 2 
or the helical carbon fiber-reinforced resin layer 4 or 
both. When a plurality of layers, such as the 
axially-oriented carbon fiber-resin layers 2 and a 
helical carbon fiber-resin layer 4 as in FIGURE 2. are 

25 superposed by turns, at least one of the two 
axially-oriented carbon fiber-resin layers 2 sand- 
wiching the helical resin layer 4 may contain the 
dissimilar fiber. In the case of a product of the 
structure illustrated in FIGURE 10, both of the 

30 fiber-resin layers 2 constituting the innermost and 
the outermost layers may contain it. 

In the present embodiment not only carbon 
fiber-reinforced composite resin pultrusion pro- 
ducts classified as hollow tubes of rectangular cross 

35 sections, but also, as illustrated in FIGURES 3 to 5, 
profiles of the letter L-, H-, or l-shaped cross 
sections and other cross-sectional contours and, as 
in FIGURES 6 and 7, pipelike pultrusion products of 
circular corss-sectional contours can be manufac- 

40 tured. 

The carbon fiber-reinforced composite resin pul- 
trusion products of this embodiment can be manu- 
factured as well by the pultrusion apparatus 10 for 
manufacturing the carbon fiber-reinforced compo- 

45 site resin pultrusion product 1 as described with 
reference to FIGURE 8. 

According to this embodiment ail or a desired one 
of the bundles of carbon fibers 12a, 12b (12c, 12d) 
that constitute the axially-oriented carbon fiber-rein- 

50 forced resin layers, preferably the bundles of carbon 
fibers 12c, 12d, contain a dissimilar fiber in the form 
already defined, preferably woollike spun rovings of 
glass fiber or aramid fiber rovings. 
The resin impregnation trays 20, 30, 44 hold a 

55 resin solution which is prepared from a suitable 
matrix resin selected from among thermosetting 
resins, such as epoxy, unsaturated polyester, ure- 
thane acrylate, vinyl ester, phenol, and polyurethane, 
and thermoplastic resins, such as nylon 6, nylon 66, 

60 nylon 12, PBT, PET, polycarbonate, polyacetal, 
polyphenylene sulfide, polyether ether ketone, 
polyether sulfide, polyphenylene oxide, Noryl, poly- 
propylene, and polyvinyl chloride. Where necessary, 
the solution is prepared by the addition of a filler, 

65 such as CaC03, mica, AI(OH)a, or talc, an additive 
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for Improving the resistance to heat or weathering, 
colorant, etc. 

In the same way as that described above, a 
carbon fiber-reinforced resin layer laminate 50 of a 
five-layer structure consisting, from the innermost 
outward, of an axiallyoriented carbon fiber-rein- 
forced resin layer 2, a helical carbon fiber-reinforced 
resin feyer 4, an axial layer 2, a helical layer 4, and an 
axial fayer 2, Is formed on the mandrel 26. 

The carbon fiber-reinforced resin layer 50 thus 
formed on the circular sectional mandrel portion 26a 
is then moved onto the noncircular portion, or the 
rectangular portion 26b here, of the mandrel and 
drawn into the die 52 having a rectangular cross- 
sectional contour,, as mentioned above. 

In the embodiment being described, the filaments 
of the dissimilar fiber mixed in a given axially- 
oriented carbon fiber-reinforced resin layer 2 or 
layers 2 of the carbon fiber-reinforced resin layer 
laminate 50 produce an Increase in frictional resist- 
ance between the fibers and the helical carbon 
fiber-reinforced fiber layer 4, resulting in advant- 
ageously piercing the fiber Into the helical carbon 
fiber-reinforced fiber layer 4. This brings about the 
Increase of formablllty and property of the product. 
Namely, the mixing of the filaments of the dissimilar 
fiber in the laminate 50 precludes the possibility of 
the helical carbon fiber-reinforced resin layer being 
disturbed or deformed upon Introduction Into the die 
52 of the carbon fiber-reinforced resin layer laminate 
50 to render the fabrication to a desired shape 
difficult, as Is the case with a conventional carbon 
fiber-reinforced resin layer laminate 50 without the 
filaments of the dissimilar fiber. There is no danger of 
the breaking of fiber or disturbance or orientation 
with consequent deterioration of the physical 
properties of the product . Understandably, it Is 
alternatively possible that the dissimilar fiber be 
added to the helical carbon fiber-reinforced resin 
layer 4 Instead of, or as well as, to the axially- 
oriented layer or layers 2. 

The fiber-reinforced resin layer 50 thus most 
advantageously formed by the die 52 to a profile of 
predetermined dimensions is hardened (cured) by. 
heater means (not shown) to be a carbon fibern-eln- 
forced composite resin pultruslon product 1. The 
carbon fiber-reinforced composite resin pultruslon 
product 1 is drawn off from the mandrel 26 and cut 
into predetermined lengths. 

Using the manufacturing method and the pultru- 
slon apparatus of the construction described above, 
a rectangular, carbon fiber-reinforced hollow resin 
tube, 20 by 20 mm in cross section and 2.5 mm in 
overall wail thickness, with the individual carbon 
fiber-reinforced resin layers having a thickness of 
0,5 mm each, could be manufactured at the rate of 1 
m/min. 

As the carbon fiber, one having a filament 
diameter of 7 microns and a strength of 340 kg/mm 2 
was employed! Each resin Impregnation tray con- 
tained a resin solution prepared from 100 wto/o of 
epoxy resin as the matrix resin and 10 wto/o of. 
calcium carbonate as a filler, and the solution was 
used for the impregnation of the carbon fiber. As for 
the dissimilar fiber, the above-mentioned spun 



rovings of glass fiber were mixed In ail of the 
axially-oriented carbon fiber-reinforced layers 2 In an 
amount of 5% on the basis of the total weight of the 
layers 2. 

5 The pultruslon product 1 manufactured in the 
foregoing way exhibited strengths as given in Table 
2. It will be understood that the product 1 is superior 
to the conventional products and equal to the 
product of the aforementioned embodiment 

10 

Table 2 

Torsional test results 

Breaking Shear rigidity 
15 stress (kgf/mm 2 ) 

(kgf/mm 2 ) 

This invention 6.5 600 

20 

For the manufacture of products of circular 
cross-sectionai contours in conformity with this 
embodiment, mandrels of desired diameters may be 

25 employed In place of the mandrels used In the 
embodiments described above. Excepting this, the 
same apparatus and the same method can be used 
to manufacture the circular products. 
In the foregoing embodiment of the invention the 

30 dissimilar fiber has been described as mixed in the 
axially-oriented carbon fiber-reinforced resin layers. 
Further experiments showed that the dissimilar fiber 
may be contained not only In the axially-oriented 
carbon fiber-reinforced resin layers but also in the 

35 helical carbon fiber-reinforced resin layers, or selec- 
tively in either of the layers, to achieve unchanged 
levels of breaking stress and shear rigidity. 

Advantageous Effects of the Invention 

40 As has been described hereinbefore, the fiber-re- 
inforced composite resin pultruslon products ac- 
cording to the present invention show improved 
axial and lateral strengths over the conventional 
products. In addition, the method of the invention 

45 makes it possible advantageously to manufacture 
such fiber-reinforced composite resin pultruslon 
products in a most simplified way and continuously. 

Further, it has been impossible, heretofore, to 
manufacture fiber-reinforced composite resin pul- 

50 truslon products of noncircular cross-sectional 
contours, e.g., of the letter L-, H-, and l-shape by the 
overwinding method. According to the present 
invention, the products of noncircular contours 
attain as high strengths as do circular products, with 

55 the Individual fiber layers maintaining uniform thick- 
ness and evenness of fiber distribution at the 
corners. 

Moreover, the manufacture of such fiber-rein- 
forced composite resin pultruslon products by the 

60 overwinding technique, using carbon fiber In par- 
ticular as the reinforcing fiber, presented another 
problem. Especially In the process step of drawing 
an uncured carbon fiber-reinforced resin layer 
laminate consisting of axially-oriented and helical 

65 carbon fiber-reinforced resin layers Into a die to give 
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it desired size and shape, relative motion of the 
axiaily-oriented and helical carbon fiber-reinforced 
resin layers hampered the Insertion of the helical 
carbon fibers at regular intervals. This made It 
difficult to form a carbon fiber-reinfored resin layer 5 
laminate of a desired thickness and configuration. 

The present invention has solved the above 
problem by allowing either the axiaily-oriented 
carbon fiber-reinforced resin layer or the helical 
carbon fiber-reinforced resin layer or both to contain 10 
a given proportion of a fiber dissimilar to the carbon 
fiber, especially a dissimilar fiber in a fluffed state. 
The present invention also provides the products 
having axial and lateral strengths. 



Claims 



1. A fiber-reinforced composite resin pultru- 
sion product characterized by an axiaily- 
oriented fiber layer composed of reinforcing 
fibers arranged axially and a helical fiber layer 
composed of reinforcing fibers helically wound 25 
round the axis. 

2. A fiber-reinforced composite resin pultru- 
sion product as claimed in claim 1 comprising a 
plurality of the axiaily-oriented fiber layers and a 
plurality of the helical fiber layers, each pair of 30 
adjacent layers being respectively an axiaily- 
oriented fiber layer and a helical fiber layer. 

3. A fiber-reinforced composite resin pultru- 
sion product as claimed in claim 1 or 2 wherein 

the innermost layer of the product is an ,35 
axiaily-oriented fiber layer. 

4. A fiber-reinforced composite resin pultru- 
sion product as claimed in any preceding claim 
wherein the cross-sectional contour of the 
product, as cut perpendicularly to the axis, is 40 
either circular or non-circular and in the latter 
case, e.g., rectangular or letter L-, H-, or 
l-shaped. 

5. A fiber-reinforced composite resin pultru- 

sion product as claimed in any preceding claim 45 
wherein the reinforcing fiber constituting the 
fiber layers is carbon, and/or glass, and/or 
aramid fiber and the matrix resin impregnated 
into the fiber is a thermosetting resin, such as 
an epoxy, unsaturated polyester, urethane 50 
acrylate, vinyl ester, phenol, or polyurethane, or 
a thermoplastic resin, such as nylon 6, nylon 66, 
nylon 12, PBT, PET, polycarbonate, polyacetal, 
polyphenylene sulfide, polyether ether ketone, 
polyether sulfide, polyphenylene oxide, Noryl, 55 
polypropylene, or polyvinyl chloride. 

6. A fiber-reinforced composite resin pultru- 
sion product as claimed In any preceding claim 
wherein the reinforcing fiber constituting the . 
fiber layers is carbon fiber and either the 60 
axiaily-orientated fiber layer or the helical fiber 
layer or both contain 1 to 20% of a fiber 
dissimilar to the carbon fiber, the dissimilar 
fiber being e.g. glass fiber or aramid fiber and 
preferably In the form of rovlngs, e.g. woollike 65 



rovings of monofilaments in random orientation. 

7. A method of manufacturing a fiber-rein- 
forced composite resin pultrusion product 
characterized by the steps of:- 

(a) providing a mandrel having at least a 
portion of circular cross-section; 

(b) forming a first fiber layer of a 
predetermined thickness by. either arrang- 
ing resin-impregnated fibers axially on or 
helically winding the fibers round the 
circular cross-sectional contours of the 
mandrel; 

(c) forming a second fiber layer by 
arranging resin-impregnated fibers over 
the first fiber layer in a direction different 
from that of the first layer before curing the 
first layer; 

(d) when necessary, repeating the steps 
(b) and (c) the number of times desired to 
form an uncured fiber-layer laminate con- 
sisting of axiaily-oriented and helical fiber 
layers, and drawing the laminate into a die 
to give it a desired size and shape; and 

(e) thereafter curing the fiber-layer lami- 
nate. 

8. A method as claimed in claim 7, wherein 
the mandrel has a circular cross-sectional 
portion of a predetermined length and a 
non-circular cross-sectional portion adjoining 
the circular portion and gradually changed into 
a predetermined cross-sectional contour; the 
method further comprising conducting the 
laminate of step (d) onto the non-circular 
cross-sectional portion of the mandrel before 
drawing the same into said die to give it its 
desired size and shape. 

9. A method as claimed in claim 7 or 8, 
wherein the first fiber layer Is an axiaily-oriented 
fiber layer. 

10. A method as claimed in claim 7, 8 or 9 
wherein the reinforcing fiber in the fiber-rein- 
forced resin layers is carbon and/or glass 
and/or aramid fiber and the matrix resin is a 
thermosetting resin, such as an epoxy, unsatu- 
rated polyester, urethane acrylate, vinyl ester, 
phenol, or polyurethane, or a thermoplastic 
resin, such as nylon 6, nylon 66, nylon 12, PBT, 
PET, polycarbonate, polyacetal, polyphenylene 
sulfide, polyether ether ketone, polyether sul- 
fide, polyphenylene oxide, Noryl, polypropylene, 
or polyvinyl chloride. 

11. A method as claimed In claim 10, wherein 
the reinforcing fiber In the fiber-reinforced resin 
layers is carbon fiber and either the first fiber 
layer or the second fiber layer or both contain 1 
to 200/o of a fiber dissimilar to the carbon fiber, 
the dissimilar fiber being e.g. glass fiber or 
aramid fiber and preferably in the form of 
rovings, e.g. woollike rovings of monofilaments 
in random orientation. 
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